Cyclic electron transport and NADH and/or NADPH (NAD(P)H)-oxidizing activities were investigated in Synechocystis sp. PCC6803 grown under various stressed conditions and in ndhB-less (M55) and ycf33-deletion mutants. Activity staining and inhibitor data suggested that the ferredoxin-quinone reductase (FQR) route is the main pathway in ycf33-deletion and highlight (300 E m À2 s À1 )-grown cells as well as in M55 cells. The FQR route was highly sensitive to HgCl 2 , but not to diphenyleneiodonium (DPI). On the other hand, cells grown under low CO 2 (0.03%) or normal (100 E m À2 s À1 , 3% CO 2 ) conditions were found perhaps to use the complex I-type NAD(P)H dehydrogenase route, which was found to be highly sensitive to DPI but not to HgCl 2 . In high-salt (0.55 M NaCl)-grown cells, the amount of ferredoxin-NADP þ oxidoreductase (FNR) increased, and the main cyclic electron flow was perhaps the FNR route. Both DPI and HgCl 2 were strong inhibitors of the FNR route.
Cyanobacteria show high activity of cyclic electron transport around Photosystem I (PSI), 1, 2) in which electrons are transferred from the stromal side of PSI to the luminal side of the thylakoid membranes via yet unidentified components. Several electron transport pathways have been proposed, but the details of the routes have not yet been clarified. These are largely classified into two pathways. One pathway is from NAD(P)H to the plastoquinone pool via NAD(P)H dehydrogenase of type 1 complex (NDH1) or type 2 dehydrogenase (NDH2). [3] [4] [5] Although NDH1 has been indicated and NDH2 has been suggested to be a component of cyclic electron transport, 4, 6) it is not known which of the two, NADPH and NADH, is the electron donor to NDH1 and to NDH2. If NADH is the electron donor, transhydrogenase must also be functioning in the pathway, because NADP þ accepts electrons from ferredoxin (Fd) via ferredoxin-NADP þ oxidoreductase (FNR). The other pathway is from Fd to the plastoquinone pool via an unidentified component(s) designated ferredoxin-quinone reductase (FQR). 3, 7) In this route, electrons go into the cyclic pathway from Fd without passing through FNR. Thus, there are two electron input sites for cyclic pathways on the acceptor side of PSI; one is FNR and the other is Fd.
There has long been a debate on the elements of FQRcyclic electron transport.
3) Recently, Munekage et al. 8) indicated that Pgr5 is a possible component or one of the components of FQR in a higher plant, Arabidopsis thaliana. A homolog of pgr5 encoding a polypeptide of 65 amino acid residues is also present in the Synechocystis 6803 genome (ssr2016). The gene product perhaps functions in cyclic electron transport in the cyanobacterium Synechocystis 6803, 9) but the exact pathway and the number of components in the FQR pathway remain unclear.
The activity of cyclic electron transport is changed by alteration of the culture conditions in Synechocystis 6803 cells. 10, 11) When the cells are grown under low CO 2 conditions, CO 2 -transporting system, which is energized by NDH1-dependent cyclic electron transport, 4, 12) is activated. 13, 14) In cells grown under high-salt conditions, cyclic electron transport activity is also increased, and sensitivity to HgCl 2 , which has been reported to inhibit cyclic electron transport at NDH1, 6) is altered. 5) In this case, the pathway from FNR is perhaps the main route. In this report, we refer this third route as the FNR route because electrons are perhaps transferred directly from FNR to plastoquinone. 10) These results indicate that the pathway of cyclic electron transport is changed by alteration of growth conditions, but the number of pathways and main pathway functioning under different conditions are still unclear.
We have reported that although the rate of cyclic electron transport was not affected, the cyclic pathway in a ycf33-deletion mutant of Synechocystis 6803 was modified compared with that of wild-type cells, suggesting that Ycf33 (a 7.5-kDa protein) is associated with the DPI-sensitive cyclic pathway.
15) It was found that electrons returned mainly from FNR in the wild type, while they returned from Fd in the mutant.
In the present study, cyclic electron transport activities were investigated in Synechocystis 6803 cells grown under various conditions by measuring P700 photoresponses together with the effects of inhibitors on cyclic electron transport. Because the NAD(P)H-oxidizing step is perhaps involved in the cyclic pathway, proteins that have NAD(P)H-oxidizing activities were analyzed by activity staining after native PAGE using thylakoid and soluble fractions. More than 10 bands were separated after staining with NADH or NADPH as electron donor. The effects of various inhibitors on the activities of NAD(P)H oxidation were also investigated, and were categorized. The relationship between the pathway and the components involved in cyclic electron transport is discussed below.
Materials and Methods
Materials and growth conditions. Wild-type and mutant strains of Synechocystis 6803 (M55 4) and Áycf33 15) ) were grown photoautotrophically in a liquid BG-11 medium at 30 C. Cells were grown at a light intensity of 100 mE m À2 s À1 under 3% CO 2 -enriched air, except as indicated otherwise. The ycf33-deletion mutant was constructed as reported previously.
15) The NDH1-less mutant, M55, was the kind gift of Dr. T. Ogawa, Professor Emeritus of Nagoya University.
Measurement of P700 photoresponses. P700 photoresponses were measured by monitoring absorbance changes at 810 nm vs. 860 nm with a PAM101 fluorometer equipped with a dual-wavelength emitter-detector unit, ED-P700DW (Waltz, Effeltrich, Germany), as reported by Satoh et al. 16) Cells were suspended in a BG11 medium corresponding to a chlorophyll concentration of 15 mg ml À1 and illuminated with white light for 1 s at an intensity of 440 mE m À2 s À1 . The signals were fed to a digital oscilloscope, TDS210 (Tektronix, Tokyo, Japan), the digitized signals were transferred to a personal computer, and then parameters of decay kinetics were analyzed. In some cases, the signals were recorded directly on a pen-type recorder.
Preparation of thylakoid membranes and soluble fractions. Cells were collected by centrifugation (6;000 Â g, 5 min) and washed in buffer A (25% glycerol, 10 mM CaCl 2 , 10mM MgCl 2 , and 50 mM MES-NaOH, pH 6.5). The precipitated cells were resuspended in buffer A. Zirconia beads were added to the cell suspension at a ratio of 1.6 g/ml, and the cells were ruptured with a Mini BeadBeater (Cole-Parmer, Vernon Hills, IL, USA). Agitation was performed for 30 s and the cells were cooled on ice for 1 min to minimize heat denaturation. This cycle was repeated 3 times. After precipitation of zirconia beads, the supernatant was recovered and centrifuged at 6;000 Â g for 10 min at 4 C to remove unbroken cells. Thylakoid membranes and soluble fractions were separated by centrifugation at 300;000 Â g for 30 min. The thylakoid membranes recovered as a precipitate were suspended in buffer A and kept at À80 C until use.
Native PAGE and activity staining by NAD(P)H. For native PAGE, thylakoid membranes (0.5 mg Chl ml À1 ) were solubilized in buffer A, which contained n-dodecyl--D-maltoside (DDM) at a final concentration of 1%. The protein concentrations of the soluble fractions were adjusted to be equal, DDM was added to the samples, and then the samples were incubated at 4 C for 30 min. Native PAGE was performed at 4 C using a 5 to 18% polyacrylamide gradient gel, which contained 5 mM Tris/38 mM glycine and 0.1% Na-deoxycholate (Na-DOC). Electrophoresis was performed at 100 V, and the voltage applied was increased step by step to 400 V. After electrophoresis, the gel was incubated for 25 min in 50 mM Tris-HCl (pH 7.5), 0.25 mM EDTA, and 0.1 mg ml À1 nitroblue tetrazolium chloride (NBT). NADH or NADPH was added to the medium at a final concentration of 0.2 mM and the gel was incubated until blue formazan bands were fully developed (about 15 min).
Result and Discussion
Effects of inhibitors of cyclic electron transport on re-reduction of P700 þ Cyclic electron transport around PSI was monitored by measuring the re-reduction kinetics of P700 þ in the presence of DCMU plus various inhibitors in wild-type cells grown under 100 mE m À2 s À1 and 3% CO 2 (normal conditions hereinafter). P700 was oxidized by illumination of white light, and was re-reduced with half times of 70-200 ms after cessation of illumination (Fig. 1,  trace a) . All the experiments were repeated several times, and typical time courses are shown in the figure. When 100 mM PMA or 100 mM DPI was present together with DCMU, re-reduction of P700 þ was retarded very much, with a half decay times of 1-2 s (Fig. 1, traces b and c). Mercuric chloride (50 mM) showed a small inhibitory effect (Fig. 1, trace d ). Other inhibitors, reported to be effective in cyclic electron transport, such as rotenone ( Fig. 1 , trace e) and antimycinA 3) (data not shown), did not show any prominent effects on the re-reduction of P700 þ . Moreover, flavon, which has been reported to be an inhibitor of NDH2, 17) was not effective either ( Fig. 1, trace f) .
When the cells were grown under high-salt (0.55 M NaCl) or high-light (HL, 300 mE m À2 s À1 ) conditions, photo-oxidation and re-reduction of P700 in the presence of DCMU were not much different from those of cells grown under normal conditions (Fig. 2 , traces a and e), but the effects of inhibitors were not the same as in those grown under normal conditions. Severe inhibition of re-reduction of P700 þ by PMA, which inhibits Fd together with FNR, 18) was observed in the cells grown under high-salt conditions (Fig. 2 , trace b), although small but rapid re-reduction remained in this case (see Fig. 1 , trace b). Inhibition of re-reduction of P700 þ by DPI in cells grown under high-salt conditions (Fig. 2 , trace c) was similar to that observed in normal cells (Fig. 1, trace c) . A large difference was observed for the HgCl 2 treatment. HgCl 2 caused slight inhibition in normal cells (Fig. 1, trace d ), but severely inhibited re-reduction in the cells grown under high-salt conditions (Fig. 2, trace d) .
When cells were grown under high-light conditions, a response typical of cyanobacteria 19) was observed; the content of phycobilisome decreased while that of carotenoid increased, resulting in changes in the color of the cells from deep bluish-green to yellowish-green (data not shown). Re-reduction of P700 þ was severely inhibited by PMA and HgCl 2 (Fig. 2 , traces f and h), as in the high-salt grown cells. However, in contrast to the severe inhibition in high-salt (Fig. 2 , trace c) and normal cells (Fig. 1 , trace c), DPI had almost no effect in the high-light grown cells (Fig. 2, trace g ). These data suggest that the main pathway of cyclic electron flow was changed by the growth conditions, and that the main routes were different in cells grown under normal, highsalt, and high-light conditions. Table 1 summarizes the effects of inhibitors on the rereduction of P700 þ grown under various conditions. In addition to the high-salt and high-light grown cells, results in those grown under low CO 2 (0.03% CO 2 ) and in ndhB-less (M55) and ycf33-deletion (Áycf33) mutant cells grown under normal conditions are also shown in the table. Although the cyclic electron flow in M55 cells was 2-3 times slower than in the wild type and was somewhat sensitive to DPI, a fundamentally similar pattern of inhibition was observed for M55, Áycf33, and high-light cells, severe inhibition by HgCl 2 but no or slight inhibition by DPI. On the other hand, low-CO 2 and normal cells showed the opposite pattern of inhibition: strong inhibition by DPI and slight inhibition by HgCl 2 . High-salt cells showed a unique pattern of inhibition: both DPI and HgCl 2 showed strong inhibition. In all cells except for Áycf33, PMA strongly inhibited the cyclic electron flow.
Activity staining of proteins with NAD(P)H-oxidizing activity after native PAGE
Changes in the main cyclic electron transport pathway around PSI might be the result of changes in the activity and/or the amount of soluble or membrane-bound NAD(P)H-oxidizing enzymes in Synechocystis 6803 cells. In order to test this possibility, the NAD(P)Hoxidizing activities of thylakoid and soluble fractions prepared from wild-type and mutant cells grown under various conditions were investigated.
After native PAGE, two to three green bands and two pale-blue bands were separated in the thylakoid membrane fraction, while two pale-blue bands were separated in the soluble fraction (Fig. 3A, trace a) . Pale-blue bands with lower and higher mobilities are phycobilisomes and partially degraded phycobilisomes and phycobiliproteins (about 47 kDa) respectively. After staining of the gel by NADH (Fig. 3A, trace b) and by NADPH (Fig. 3A , trace c), 12 bands were separated and numbered in order of mobility. Migration distances appeared to be in inverse proportion to the logarithms of the sizes of the proteins or protein complexes. The green band between bands 0 and 1 was the PSI complex (trimer, about 1,000 kDa), and the pale green band close to the position of band 1 was the PSII complex (dimer, about 700 kDa). Band 10 corresponded to NAD(P)H:quinone oxidoreductase (NQR) (a 23 kDa protein, see below).
When the gel was stained by NADH (Fig. 3A , trace b), seven bands were visualized. Three (nos. 0, 6, and 9) out of the seven were specific to NADH. Four other bands (nos. 1, 2, 10, and 11) were stained by both NADH and NADPH. When the gel was stained by NADPH (Fig. 3A, trace c) , nine bands were recognized. Five (nos. 3, 4, 5, 7, and 8) of them were NADPHspecific. The colors of the bands were not uniform. Most of the bands were deep purple, but bands 10 and 11, which were stained by both NADH and NADPH, were red-purple. The reasons for this difference are not clear at the moment.
Among the NADPH-specific bands, bands 3, 4, and 7 coincided with the pale-blue bands of unstained gel. Based on their specificities to NADPH, the fact that the CpcD homologous domain is connected to the N-terminal flanking region of FNR, and its association with phycobiliproteins, 20) the three bands were identified as FNR. As explained below, band 8 was also identified as FNR released from phycobiliproteins.
In order to clarify the relationship between NAD(P)Hoxidizing activity and the cyclic electron pathway, the effects of inhibitors of the cyclic flow were investigated by incubating the thylakoid and the soluble fractions with reagents and were visualized by activity staining after native PAGE (Fig. 4) . Table 2 summarizes the inhibitory effects of DPI, HgCl 2 , PMA, and heparin on the major bands shown in Fig. 4 .
When 330 mM DPI was added to the sample and the proteins were separated by electrophoresis, two NADHspecific bands (nos. 6 and 9) totally disappeared and band 0 became faint (Fig. 4A, left four lanes) . FNR activity corresponding to band 7 totally disappeared, and bands 3 and 4 almost disappeared (Fig. 4A, right  four lanes, upper two stars) . The activity of band 8 found in the soluble fraction was also inhibited by DPI. Since DPI has been reported to be an inhibitor of flavoproteins, 21) these data are consistent with the thesis that bands 3, 4, 7, and 8 can be ascribed to FNR. The effects of HgCl 2 on the bands stained by NADPH were very similar to those of DPI ( and phycobilisome bands totally or mostly disappeared as well. This might have been a result of the dissociation of the phycocyanobilin chromophore from holoproteins due to an attack of Hg 2þ on cys residues that connect phycocyanobilin with the protein moiety. Bleaching of phycobiliproteins was also observed under PMA treatment (Fig. 4C) . HgCl 2 treatment resulted in the appearance of a new band in the fastest moving area of the supernatant fraction. The new band was tentatively numbered 11 0 . The band was stained by both NADH and NADPH. It is probable that band 11 was replaced with band 11 0 , since band 11 totally disappeared and concomitantly band 11 0 appeared. For the NADH-specific bands, nos. 0 and 6, on the other hand, HgCl 2 showed weaker inhibition than DPI.
The staining pattern after treatment with 330 mM PMA was not much different from that of untreated samples, but it had some effect on several bands. The intensities of bands 3 and 4, and band 7 of thylakoid membranes decreased slightly (Fig. 4C, right four lanes) . On the other hand, band 7 of the soluble fraction disappeared. NADH-specific band 6 (indicated as a black star) also reduced its intensity. A strange phenomenon is that the intensity of band 10 increased after PMA treatment (Fig. 4C, asterisk) . PMA treatments might have increased the activity of the no. 10 protein, or the mobility of another band was changed by the PMA treatment and the position of the band coincided with the band 10 fortuitously, but the latter case is less probable. Although the reason for the increase is not clear, one possibility for the apparent increase in activity is that the enzyme molecule has several electron donation sites and PMA treatment specifically inhibited one of the sites (possibly a route to O 2 ), which would bring about an increase in reduction of the NBT dye and an increase in the staining of the band.
When heparin was added, bands 3, 4, 7, and 8 were inhibited. (Fig. 4D) . Especially, band 8 of the soluble fraction stained by NADPH totally disappeared (Fig. 4D, right-most lane) . Since heparin is known as a specific inhibitor of FNR 22) this further confirms that these bands corresponded to FNR. Band 10 in the heparin-treated samples became thick and appeared to be composed of two bands. This might have been caused by changes in the mobility of other proteins (probably band 11) due to binding of polycationic heparin (Fig. 4D, right-most lane, hexa-asterisk) .
Changes in the stained bands due to culture conditions Figure 5 shows activity staining of thylakoids and soluble fractions prepared from cells grown under various growth conditions. The staining intensities of the FNR bands (3 + 4, 7, and 8) were higher in the thylakoid membranes grown under high-salt conditions (trace b) than in those grown under normal conditions (trace a). This result coincides with the observation of van Thor et al. that FNR transcript increased and total cyclic electron flow became fast under salt-stressed conditions in Synechocystis 6803. 10) The results obtained in the present study coincide with their observation. In addition, the intensity of band 10 increased in the cells grown under high-salt conditions. This was seen clearly when the band was stained with NADH (Fig. 5A, lane b,  asterisk) .
When cells were grown under high-light conditions, the intensities of the FNR bands in the thylakoid fraction (nos. 3, 4, and 7) decreased (Fig. 5B, T of lane c) . Under such growth conditions, the content of phycobilisome is reduced, 19) which results in a concomitant decrease in the amount of FNR, because FNR is connected to phycobilisomes by its N-terminal CpcD homologous part. 20) The results shown in Fig. 5 are consistent with these physiological observations.
In the thylakoid membranes from low-CO 2 grown cells (Fig. 5B, T of lane d) , the staining intensities of band 3 + 4 (FNR) and band 7 were somewhat and greatly decreased respectively as compared with the normal cells. Under low-CO 2 conditions, the NDH1-depenent cyclic pathway is assumed to be activated. 13, 15) Active transport of inorganic carbon (CO 2 , HCO 3 À ) into cyanobacterial cells depends on NDH1-dependent PSI cyclic electron transport. 4) Consequently, NAD(P)H oxidation activity due to NDH1 increases under low-CO 2 conditions. The bands that increased in intensity were nos. 0, 10, and 11, while the stained intensity of FNR (bands 3, 4 and 7) decreased a little.
Activity staining in the mutants Activity staining in M55 (Fig. 3B) and a ycf33-deletion mutant was performed for further analysis of the bands. A mutant, M55, in which cyclic electron transport via NDH1 is totally lost by disruption of the ndhB gene, 4, 6) should have the Fd-or the NDH2-dependent cyclic pathway, and a big difference between M55 and the wild-type cells was observed. In the mutant, band 0 disappeared, while band 6 increased in the soluble fraction but decreased in the thylakoid fraction. The intensity of band 10 in thylakoids also appeared to decrease in the mutant, although without a marked increase in the band in the soluble fraction. The interesting point is that the bands affected strongly by the mutation are specific to NADH but not to NADPH (Fig. 3B) . This suggests that disruption of the ndhB gene and hence deletion of the membrane-intrinsic part of the NDH1 complex induces release of a peripheral part of the NDH1 complex from the thylakoid membranes. No band except for no. 6 of the soluble fractions significantly increased in intensity in the M55 cells as compared to the wild-type cells. These results suggest that band 6 was a small soluble subcomplex of NDH1, and that the electron donor to NDH1 was NADH. 23) In fact, NADH is thought to be an electron donor to NDH1 of higher plant chloroplasts. 24) On the other hand, there was no practical difference in activity staining as between the ycf33-deletion mutant and the wild type (data not shown), although the effects of inhibitors against cyclic electron transport in the mutant were different from those in the wild-type cells ( Table 1) . The results are consistent with our previous conclusion that Áycf33 utilizes the FQR route as the main pathway of cyclic electron transport. 15) Hypothetical routes of cyclic electron flow Under normal growth conditions, the NDH1 and FQR routes are thought to be the main cyclic pathways in Synechococcus sp. PCC7002 cells. 25) The data in Table 1 show that there are at least three routes in cyclic electron flow in Synechocystis 6803. The first route is not sensitive to DPI but is highly sensitive to HgCl 2 , as seen in high-light cells, the second one is sensitive to DPI but less sensitive to HgCl 2 , as in normal and low-CO 2 cells, and the third is sensitive to both DPI and HgCl 2 , as in high-salt cells. As a working hypothesis, we assumed that there are four routes in the cyclic electron flow in cyanobacteria (Table 3) . They are the FQR, NDH1, NDH2, and FNR routes. According to this hypothesis, the remaining cyclic electron pathways in M55 cells must be the FQR, NDH2, and FNR routes. Because no increase in the FNR or other bands except for no. 6 was observed on activity staining in the mutant (Fig. 3B) , the main route in M55 cells must be the FQR route. In M55 cells, HgCl 2 became highly inhibitory, and the inhibitory effect of DPI relative to HgCl 2 decreased ( Table 1 ), suggesting that FQR is highly sensitive to HgCl 2 , and that DPI is not a strong inhibitor of FQR. An inhibition pattern similar to M55 was observed in the ycf33-deficient mutant (Table 1) , in which the main route is proposed to be the FQR route. 15) In the case of the high-light grown cells, the rate of cyclic electron flow was still high (Table 1) , but a decrease in the amount of FNR was observed. For other bands, no difference was observed (Fig. 5, lanes c) . This result suggests that the FQR route was activated and became the main route in the high light-grown cells as well. This is consistent with the effects of inhibitors: HgCl 2 became highly inhibitory and DPI showed almost no effect on the cyclic electron flow (Table 1) .
When cells are grown under low-CO 2 conditions (0.03% CO 2 ), the activity of NDH1 must increase. The band that increased in low-CO 2 cells (Fig. 5, lanes d) and decreased in the NDH1-less mutant (M55, Fig. 3B) was band 0. The inhibitory effects of DPI and HgCl 2 on the cyclic electron flow in low-CO 2 cells were similar to those in cells grown under normal conditions: DPI was highly inhibitory, but HgCl 2 had almost no effect at the concentrations used in the present experiment (Table 1) . This inhibition pattern is just the opposite of that in the M55 and Áycf33 mutants and in the high light-grown cells (Table 1) , where the main route is thought to be the FQR route. These data suggest that the NDH1 route is the main pathway in normal cells as well as in low-CO 2 cells, and that NDH1 or a component(s) of the NDH1 route is highly sensitive to DPI but not to HgCl 2 . In fact, HgCl 2 did not inhibit the NAD(P)H dehydrogenase activity of band 0 (Table 2) . However, because FNR was strongly inhibited by HgCl 2 (Fig. 4B and Table 2 ), it is possible that the NDH1 route in total is also sensitive to HgCl 2 . Mi et al. 7) have reported that HgCl 2 inhibited the NDH1 route. The low sensitivity of the NDH1 route to HgCl 2 found in the present experiment might be due to remaining reductants on the reducing side of PSI under the experimental conditions, due to the presence of other reductants of NAD þ , or due to differences in the experimental conditions for the measurement of cyclic electron flow and the NAD(P)H oxidase activities. The cyclic electron flow was measured in intact cells and the oxidase activity was measured in vitro. Note that when higher concentrations of HgCl 2 were used, re-reduction of P700 þ was severely inhibited in normal cells as well. 15) In cells grown under high-salt (0.55 M NaCl) conditions, the intensities of the FNR bands (bands 3, 4, 7, and 8) and band 10 increased in the thylakoid membranes, while little change was observed in the other bands (Fig. 5, lanes b) . In this case, both DPI and HgCl 2 became highly inhibitory of the cyclic electron flow around PSI (Table 1) . This is consistent with the data that FNR is highly sensitive to both DPI and HgCl 2 ( Table 2) . Because the activity of band 10 was somewhat insensitive to DPI and HgCl 2 (Fig. 4 and Table 2 ), it is highly probable that the FNR route was the main pathway in the high-salt grown cells and that the contribution of the route that includes band 10 was not very large. In the FNR route, electrons from phycobilisome-bound FNR might be directly transferred to the plastoquinone pool, not through NADPH, because the mutant which has FNR lacking the CpcD-homologous domain cannot grow under high-salt conditions. 10) A protein corresponding to band 10 was identified as the drgA (slr1719) gene product (Nasrin and Koike, unpublished). The drgA gene encodes soluble NQR. This band was affected by high-salt and by low-CO 2 conditions (Fig. 5) , and the staining intensity of band 11 increased in low-CO 2 and high-light cells (Fig. 5) . Hence, it is suggested that oxidases, including bands 10 and/or 11, compensate for cyclic electron transport under these conditions ( Table 3 ). The identity of the oxidase in band 11 is not known, but we tentatively named the route including NQR and band 11 the NDH2 (Tables 1 and 2 ). The intensity of band 1, which appeared to be sensitive to HgCl 2 and PMA (Fig. 4) , changed in a way similar to the FNR bands in the thylakoids (Fig. 5) . However, because the band intensity of no. 1 was much lower than those of the FNR bands and band 10, we conjecture it is not involved in the main pathway of the cyclic electron flow.
Concluding remarks
One result obtained in this study is that many proteins that have NAD(P)H oxidase activities were clearly separated on the gel of native PAGE, and that the sensitivity of their activities to several inhibitors was not the same. Only four (nos. 3, 4, 7, and 8) of the 12 bands were identified as FNR. FNR activity was severely inhibited by DPI, but PMA was a weak inhibitor. In addition, some possible pathways of cyclic electron transport were classified into four routes on the basis of electron donors and electron carriers, and the growth conditions were found to induce changes in the main pathway of cyclic electron transport. The main routes in cells grown under various conditions are proposed above.
